Approximately 15 years ago, adult stem cells were exciting for all areas of mammalian biology, for good reasons. 3 The use of embryonic stem cells was highly controversial on ethical and religious grounds; hence, adult stem cells appeared to be the solution to regenerating human tissues. George Walker Bush was President of the United States, and he supported adult stem cell research but opposed embryonic stem cell research. 4 Adult stem cells could potentially be isolated from an existing tissue (possibly even a small biopsy or a sample of blood), expanded, and then used to create unlimited numbers of a patient's own differentiated cells. No matter what the tissue of interest, investigators wanted to identify and isolate that tissue's putative endogenous adult stem cells.
The concept of resident adult cardiac stem cells was therefore extremely attractive, because isolating and exploiting such a cell could theoretically generate new autologous cells to reconstitute damaged hearts. Every patient could essentially be their own cardiomyocyte donor. The challenge for cardiovascular investigators was finding adult cardiac stem cells; without a cell surface marker to identify the cells, it was like looking for a needle in a haystack without knowing what a needle looks like. Thus, numerous investigators naturally turned to the adult hematopoietic system, in which well-characterized cell surface molecules like c-kit and Sca-1 had already been identified on stem cells. (The c-kit story has taken on a life of its own and will not be discussed in detail in this brief editorial.) Sca-1 is a member of the Ly6 protein superfamily; there are at least 35 human and 61 mouse Ly6 proteins. 5 The function of the mouse Sca-1 cell surface protein is still unknown, and there is no clear human counterpart (ortholog) of the mouse Sca-1 protein; the region of the mouse genome that encodes Sca-1 and several other Ly6 proteins is absent in the human genome. 5 (Figure) . In retrospect, we should not be surprised that Sca-1 + cells, and c-kit + cells, as well, 13 become predominantly endothelial cells in the heart, because these markers were described in hematopoietic stem cells. Endothelial cells and hematopoietic stem cells share many markers, and developmental origins, as well. Did the investigators who initially proposed Sca-1 + cells as adult cardiac stem cells do anything wrong?
Figure. Significant numbers of cardiomyocytes do not arise from Sca-1 + cells. One theory of the mammalian heart has been that cardiomyocytes arose from adult stem cells marked by the cell surface protein Sca-1. In this issue of Circulation, 5 reports from different laboratories using different techniques reveal that Sca-1 + cells become primarily endothelial cells and do not appreciably contribute to the adult cardiomyocyte pool.
Absolutely not. These are investigators who have conducted outstanding science throughout their distinguished careers. These previous studies used the best techniques at that time and reported observations that are still valid for the approaches used. However, the question as to the role of endogenous Sca-1 + cells was lacking, and that awaited the lineage-mapping approaches that are discussed herein. As an example of how new techniques can change conclusions, my own laboratory performed studies a decade ago that suggested the importance of adult cardiac stem cells, 14 only to discover later with more advanced technology that existing cardiomyocytes are the primary source for a new myocyte generation in the adult mammalian heart. 15 16 Is this a case of one group of investigators proving another group of investigators to be wrong, or is it new techniques leading to a change in interpretation? The latter is the case here, because this is inherently the very process of science itself, working toward a consensus understanding of a concept with iterations that apply the best technology available at the time. And for that, we should applaud the investigators who pursued the adult stem cell studies in this issue of Circulation, and the investigators who started the adventure, as well. In the long run, science is more of a team sport than an individual one.
